Background {#Sec1}
==========

Cardiovascular diseases (CVDs) are by far the leading cause of death in the world. An estimated 17.9 million people died from CVDs in 2015. Ischemic heart disease (IHD) and stroke were the top two leading causes of CVD health lost in each world region \[[@CR1], [@CR2]\]. By 2030 more than 22.2 million people will die annually from CVDs. Populations in low and middle income countries (LMICs) now contribute 75% of the CVD deaths, which leads to 7% reduction of gross domestic product(GDP) in these countries \[[@CR3]\].

A larger proportion of the global burden of CVDs is now borne by LMICs than in high income countries, this is despite a comparatively lower burden from risk factors in low compared to high income countries \[[@CR4]--[@CR6]\]. Given the high prevalence of CVD among older adults in LMIC, the projected increases in this population will be a major challenge for the health care system. Twenty-three percent of the total global burden of disease(GBD) was attributed to disorders in people aged 60 years and older. The main contributors to disease burden were CVDs, accounting for 30.3% of the total burden in older people in 2010 \[[@CR7]\]. Reliable and comparable analysis of risks to CVD is especially important for projecting future disease burden and for shaping disease prevention efforts.

A number of population-based studies from lower income countries have suggested that socio-demographic characteristics are associated with CVD, with increasing age, female sex and lower education consistently associated with higher prevalence of CVD. Some epidemiological evidence also suggests that CVD is associated with behavioral risk factors such as smoking, alcohol use, low physical activity levels, and insufficient vegetable and fruit intake, hypertension is also regarded as a very important risk factor for CVD. Independently or in combination, these risk factors present an opportunity for interventions to reduce future CVD burdens in ageing populations in LMIC.A number of large recent studies have compared CVD risks in higher and lower income countries, providing valuable and needed information about CVD and CVD risks \[[@CR4]--[@CR6]\]. However, the results of these studies may not be representative of the older adult population. For example, the Prospective Urban Rural Epidemiology (PURE) study sampling strategy and distributions provide less reliable estimates at older ages \[[@CR8]\]. The World Health Organization Study on global AGEing and adult health (SAGE) is focused on older adults and use similar methodology across countries to improve comparability of important covariates and disease prevalence. Three of the countries overlap in PURE and SAGE (China, India and South Africa) where SAGE includes three additional middle income countries (Ghana, Mexico and the Russian Federation).

The aim of the present study was to investigate the prevalence of two main CVDs (angina, stroke) and behavioural risk factors and associated social-economic status (SES) factors among older adults using a unique data set with nationally representative samples in six low and middle income countries.

Methods {#Sec2}
=======

Sample and procedure {#Sec3}
--------------------

The data was from World Health Organization (WHO) Study on Global AGEing and adult health (SAGE) Wave 1, a longitudinal cohort study of ageing and older adults from 2007 to 2010 in six low- and middle-income countries (China, Ghana, India, Mexico, Russian Federation and South Africa) \[[@CR9]\]. SAGE Wave 1 used face-to-face individual interviews to capture data. All six countries implemented multistage cluster sampling strategies which resulted in nationally representative cohorts of older adults (<http://www.who.int/healthinfo/sage/SAGEWorkingPaper5_Wave1Sampling.pdf?ua=1>). Response rates for SAGE countries were Mexico 51%, India 68%, Ghana 80%, Russian Federation 83%, South Africa 77% and China 93%. Examination of non-respondent data suggested non-significant differences on some covariates (data not shown). Data were obtained following application for access through <http://apps.who.int/healthinfo/systems/surveydata/index.php/catalog>.

SAGE has been approved by the World Health Organization\'s Ethical Review Board. Additionally, each partner organization obtained ethical clearance through their respective review bodies. All study participants signed informed consent.

Measures {#Sec4}
--------

### CVDs conditions {#Sec5}

Two methods of assessing presence or absence of CVD were used. One was based on self-report of angina or stroke; and the second used an algorithm based on validated symptom-reporting methods to estimate and compare prevalence rates.

### Sociodemographic variables {#Sec6}

Socio-demographic variables contain age, sex, education, rural/urban residence, and income quintiles. Age was categorized into four groups: 50 to 59 years; 60 to 69 years; 70 to 79 years; and 80 years or older. Education level was classified into seven categories for analysis using an international classification scheme \[[@CR10]\]. The income quintiles were generated using an asset-based approach- possession of assets and dwelling characteristics \[[@CR11]\], with quintile 1(Q1) the quintile of the poorest households and quintile 5(Q5) the quintile of the richest.

### Risk factors {#Sec7}

#### Tobacco use {#FPar1}

Tobacco use was assessed by self-report and included different forms (manufactured or hand-rolled cigarettes, cigars, cheroots or whether tobacco is smoked, chewed, sucked or inhaled), and frequency of smoking, snuffing or chewing in each day over the week before interview\[[@CR12]\], classified into four groups: never smoker, not current smokers, smokers(not daily) and current daily smokers.

#### Alcohol consumption {#FPar2}

Alcohol consumption was categorized into four groups: life time abstainer, non-heavy drinkers, infrequent heavy drinkers and frequent heavy drinkers according to the consumption number of standard drinks of beer, wine and or spirit, fermented cider, and other alcoholic drinks during the week before interview.

#### Physical activity {#FPar3}

Physical activity was measured by the Global Physical Activity Questionnaire (GPAQ) and assessed intensity, duration, and frequency of physical activity in three domains: occupational, transport-related, and discretionary or leisure time. Based on a standard classification scheme, three categories were generated: low, moderate and high levels \[[@CR13]\].

#### Fruit and vegetable consumption {#FPar4}

Fruit and vegetable consumption was assessed according to the number of daily servings eaten -- with each serving approximating 80 grams. Five or more servings were defined as sufficient daily intake (at least 400 grams per day), fewer than five servings were categorized as insufficient \[[@CR14]\].

#### Hypertension {#FPar5}

The definition of hypertension used was systolic blood pressure ≥140mmHg and/or diastolic blood pressure ≥ 90mmHg and/or self-reported treatment with antihypertensive medication during the two weeks before interview. Blood pressure measurements were conducted three times on the right arm of the seated respondent with an automated recording device (OMRON R6 Wrist Blood Pressure Monitor, HEM-6000-E, Omron Healthcare Europe), and calculated as an average of the latter two measurements.

#### Obesity {#FPar6}

According to the classification criteria proposed by the WHO \[[@CR15]\], body mass index (BMI) of \<18.5 kg/m^2^, 25--29.9 kg/m^2^ and ≥30 kg/m^2^ are used to define underweight, overweight and obesity, respectively. Modified BMI cutoffs for China and India were used to perform an additional set of analyses that describes overweight (BMI 23.0-27.5) and obesity (BMI \>27.5) in Asian populations \[[@CR16]\].

Statistical methods {#Sec8}
-------------------

Statistic analyse were conducted using STATA SE version 11 (Stata Corp, College Station, TX). The prevalence of angina and stroke were calculated by using normalized weights in each country. Weights were based on selection probability, non-response, and post-stratification adjustments. To improve comparability across countries, the prevalence rates were age-standardized using the WHO World Standard Population Distribution based on world average population 2000-2025 \[[@CR17]\]. Multivariate logistic regression was performed to examine the relationship between CVD and selected variables, including the socio-demographics such as age, sex, urban/rural setting, education, household wealth, and health risk factors such as smoking, alcohol drinking, fruit/vegetable intake, physical activity, hypertension and obesity. *P* \< 0.05 from two-sided statistical tests was considered statistically significant.

Results {#Sec9}
=======

A total of 34,114 individuals were included in the final analyses. Table [1](#Tab1){ref-type="table"} shows the sample distribution and demographic, socioeconomic and lifestyle characteristics by countries. The proportions of women are higher than men in four countries, except Ghana and India. The majority of older Indian lived in rural locations, while compared to urban areas in the other countries. The 50-59 age groups had the largest proportions in all countries, but the SAGE sample population distributions match those of the United Nations and US Census Bureau's International Data Base estimates \[[@CR18]\]. The percentage of respondents with no formal education were higher in Ghana (54.0%) and India (51.2%). In contrast, Russian Federation had the highest educational level with only 0.5% with no formal education and over 20% with a college degree or higher.Table 1Sociodemographic characteristics of the study samples, by country (SAGE Wave 1)ChinaGhanaIndiaMexicoRussian FederationSouth AfricaTotalSample size13,1574,3056,5602,3183,9383,83634,114GenderMale49.852.451.046.841.944.147.2Female50.247.649.053.258.155.952.8ResidenceUrban47.341.128.978.870.164.950.4Rural52.758.971.121.229.935.149.6Age Group50-5944.939.748.648.144.149.945.860-6931.927.530.925.626.730.629.770-7918.623.116.017.821.414.018.780+4.69.74.58.67.75.55.8Education LevelNo formal education23.154.051.217.20.525.223.8Less than primary18.910.410.038.41.224.010.1Primary school completed21.010.914.824.05.322.413.5Secondary school completed19.94.010.29.917.914.216.0High school completed12.617.18.62.454.38.426.2College completed4.43.43.45.520.73.99.9Post graduate degree completed0.10.21.72.60.11.80.6Income QuintileLowest16.318.218.215.313.320.715.9Second18.119.119.524.717.119.918.2Third20.520.518.816.819.618.219.6Fourth23.420.719.616.622.119.821.7Highest21.821.623.926.627.821.324.5Tobacco useNever smoker64.275.545.560.765.467.759.4Not current smokers6.614.24.719.113.29.58.5Current smokers, not daily2.52.62.96.92.03.42.5Current smokers, daily26.77.646.913.319.419.429.6AlcoholLife time abstainer74.257.892.564.333.784.569.8Non-heavy drinkers18.239.56.929.355.411.524.3Infrequent heavy drinkers1.21.20.46.28.53.02.9Frequent heavy drinkers6.41.50.20.12.51.03.0Fruit and vegetable intakeSufficient64.331.19.418.619.031.538.1Insufficient35.768.990.681.481.068.561.9Physical activity levelsHigh44.461.752.339.661.728.252.5Moderate27.312.522.822.415.412.321.2Low28.325.825.038.022.959.526.3

The rate of daily smoking ranged from 7.6% (Ghana) to 46.9% (India), frequent heavy drinker was the highest in China (6.4%) and lowest in Mexico (0.1%), and the highest rate of low physical activity was in South Africa (59.5%). Insufficient fruit and vegetable intake was more common in India, the Russian Federation and Mexico (90.6, 81.0 and 81.4%, respectively) compared with China, South Africa and Ghana (35.7, 68.5 and 68.9%, respectively).

The age standardized prevalence of angina ranged from 9.5 % (South Africa) to 47.5 % (Russian Federation). It was higher in women than in men in all six countries. The rates were higher in rural than in urban locations other than in China. Angina rose with age in each country except Mexico, and a slight drop was seen in the highest age group in Ghana, India, Russian Federation and South Africa. The lowest prevalence of angina was found in individuals with the highest household income in China, Ghana, India and Russian Federation, respectively (see Table [2](#Tab2){ref-type="table"}).Table 2Prevalence of angina by age, sex, residence and income quintiles among adults aged 50 years and older, by country (SAGE Wave 1)ChinaGhanaIndiaMexicoRussian FederationSouth Africa%95%CI%95%CI%95%CI%95%CI%95%CI%95%CITotal9.9\[8.7,11.2\]13.1\[11.5,14.9\]19.6\[16.5,23.0\]13.9\[8.6,21.6\]47.5\[42.3,52.8\]9.5\[8.5,10.5\]Age group50-595.6\[4.7,6.6\]11.1\[9.1,13.4\]16.1\[13.7,18.7\]17.9\[8.9,32.8\]37.2\[29.5,45.7\]9.1\[7.7,10.6\]60-6910.9\[9.4,12.6\]14.2\[11.9,17.0\]21.3\[16.7,26.7\]9.1\[6.6,12.3\]46.2\[39.2,53.3\]9.8\[8.2,11.7\]70-7917.5\[14.7,20.6\]15.2\[12.5,18.4\]26.3\[20.8,32.6\]8.7\[5.6,13.3\]66.1\[57.5,73.8\]10.1\[7.9,12.8\]80+23.1\[18.5,28.4\]12.9\[9.6,17.1\]22.3\[16.3,29.7\]16.1\[8.0,29.5\]56.1\[33.5,76.4\]8.0\[5.1,12.3\]SexMen6.9\[6.0,7.9\]9.8\[8.3,11.6\]16.1\[13.0,19.8\]7.5\[4.9,11.5\]44.6\[36.8,52.6\]7.9\[6.6,9.4\]Women13.1\[11.5,14.9\]16.8\[14.4,19.4\]23.3\[19.7,27.4\]19.5\[10.4,33.7\]49.6\[42.9,56.4\]10.5\[9.3,12.0\]ResidenceUrban12.3\[10.0,14.9\]9.7\[7.7,12.1\]19.5\[11.8,30.5\]13.8\[7.7,23.7\]47.4\[41.8,53.0\]9.0\[7.9,10.2\]Rural8.0\[6.9,9.3\]15.3\[13.1,17.9\]19.6\[17.5,21.9\]14.1\[7.9,23.9\]48.0\[37.0,59.2\]10.3\[8.6,12.2\]Income QuintileQ1 (Lowest)11.3\[9.0,14.0\]15.7\[12.4,19.6\]24.9\[19.6,31.1\]19.8\[11.7,31.7\]43.5\[29.9,58.1\]7.6\[5.8,9.8\]Q211.3\[9.4,13.5\]14.5\[11.6,18.1\]17.2\[14.0,20.9\]5.6\[3.2,9.8\]58.2\[48.0,67.7\]8.2\[6.4,10.5\]Q311.1\[9.3,13.0\]16.0\[12.9,19.6\]23.4\[16.4,32.2\]29.7\[8.3,66.4\]57.3\[42.6,70.8\]11.1\[9.0,13.7\]Q48.7\[7.2,10.6\]12.5\[10.0,15.6\]19.1\[14.4,24.7\]11.1\[6.6,17.9\]47.4\[34.6,60.6\]11.5\[9.4,14.1\]Q5 (Highest)8.2\[6.2,10.8\]7.3\[5.5,9.6\]14.8\[12.3,17.8\]10.5\[5.2,20.3\]37.4\[29.8,45.6\]8.8\[6.9,11.0\]

The prevalence of stroke was 6.1% in Russian Federation, which was higher than the other SAGE countries, while India had the lowest prevalence of 2.0%. In Russian Federation, the prevalence of stroke in men was almost twice that of women. Stroke was higher in urban than in rural locations in all six countries. Stroke prevalence tended to increase with age in all SAGE countries, but a slight drop in 80+ age group in Mexico and Russian Federation. In China, the wealthiest older adults had the lowest stroke prevalence (see Table [3](#Tab3){ref-type="table"}).Table 3Prevalence of stroke by age, sex, residence and income quintiles among adults aged 50 years and older, by country (SAGE Wave 1)ChinaGhanaIndiaMexicoRussian Federation FederationSouth Africa%95%CI%95%CI%95%CI%95%CI%95%CI%95%CITotal3.0\[2.6,3.5\]2.8\[2.3,3.4\]2.0\[1.6,2.5\]4.3\[2.9,6.4\]6.1\[4.5,8.2\]3.8\[3.2,4.4\]Age group50-591.5\[1.2,1.9\]1.5\[0.9,2.3\]1.5\[1.0,2.1\]2.2\[0.9,5.5\]4.9\[2.6,9.1\]3.5\[2.7,4.6\]60-693.4\[2.7,4.3\]3.2\[2.2,4.6\]2.3\[1.5,3.4\]4.9\[3.1,7.7\]4.1\[2.3,7.2\]3.4\[2.5,4.6\]70-795.3\[4.4,6.3\]4.0\[2.9,5.6\]2.5\[1.5,4.2\]8.4\[3.8,17.5\]10.7\[6.1,18.0\]4.6\[3.2,6.5\]80+7.1\[4.7,10.7\]4.0\[2.1,7.4\]3.5\[1.0,11.0\]6.4\[3.3,11.9\]6.8\[3.6,12.6\]5.4\[3.2,9.1\]SexMen3.5\[3.0,4.2\]2.7\[2.0,3.6\]2.2\[1.6,3.1\]4.5\[2.8,7.3\]8.5\[5.4,12.9\]3.9\[3.1,5.0\]Women2.6\[2.1,3.1\]2.9\[2.2,3.8\]1.7\[1.2,2.5\]4.1\[2.2,7.5\]4.3\[2.7,6.8\]3.7\[3.0,4.6\]ResidenceUrban3.7\[3.0,4.6\]4.3\[3.4,5.5\]2.6\[1.8,3.7\]4.8\[3.0,7.4\]6.7\[5.2,8.6\]4.1\[3.4,4.9\]Rural2.4\[2.1,2.9\]1.7\[1.2,2.4\]1.8\[1.4,2.3\]2.7\[1.4,5.0\]4.6\[1.7,11.7\]3.1\[2.3,4.3\]Income QuintileQ1 (Lowest)3.2\[2.5,4.1\]1.8\[1.0,3.2\]1.2\[0.5,2.9\]2.7\[1.4,5.4\]5.3\[2.1,12.6\]4.1\[2.9,5.9\]Q23.1\[2.3,4.2\]1.9\[1.2,3.0\]2.0\[1.3,3.1\]4.3\[1.5,11.7\]4.8\[2.7,8.3\]2.6\[1.7,4.1\]Q33.2\[2.5,4.0\]2.8\[1.8,4.4\]2.6\[1.5,4.5\]6.7\[3.2,13.5\]6.9\[3.4,13.4\]4.3\[3.0,6.1\]Q43.5\[2.8,4.4\]2.9\[1.8,4.7\]1.5\[0.9,2.4\]5.0\[2.5,9.8\]5.5\[2.6,11.3\]4.1\[2.9,5.7\]Q5 (Highest)2.3\[1.6,3.2\]4.2\[2.9,5.9\]2.5\[1.7,3.8\]3.2\[1.3,7.7\]7.1\[3.4,14.4\]3.7\[2.5,5.3\]

Table [4](#Tab4){ref-type="table"} shows the Odds ratios for likelihood of angina by risk factors. Hypertension was associated with angina in China, India and Russian Federation after adjustment for age, sex, urban/rural setting and education (OR ranging from 1.32 \[1.13-1.55\] in India to 3.80 \[2.91-4.96\] in Russian Federation). Low and moderate physical activity was also associated with angina in China (ORs were 1.46 \[1.22-1.76\] and 1.66\[1.39-1.99\], respectively). Obesity had a stronger association with angina in Russian Federation and China (ORs were 1.48\[1.08-2.02\] and 1.24\[1.01-1.53\], respectively). Smoking was associated with angina in India and South Africa (ORs were 1.56\[1.02-2.36\] and 2.11 \[1.23-3.61\], respectively). Non-heavy drinking was a protective factor for angina in China (OR was 0.67\[0.51-0.87\]). The OR (1.56\[1.19-2.05\]) for insufficient fruits and vegetables intake was highest in Ghana. Household income was associated with reduced odds ratios of angina in China, India and Russian Federation, however higher household income was a risk factor of angina in South Africa (see Table [4](#Tab4){ref-type="table"}).Table 4Odds ratios\* for likelihood of angina by risk factors in six LMICs, SAGE Wave 1ChinaGhanaIndiaMexicoRussian FederationSouth AfricaOR (95%CI)*p* value*p* value for trendOR (95%CI)*p* value*p* value for trendOR (95%CI)*p* value*p* value for trendOR (95%CI)*p* value*p* value for trendOR (95%CI)*p* value*p* value for trendOR (95%CI)*p* value*p* value for trendHousehold wealth quintileQ1 (Lowest)ref.ref.ref.ref.ref.ref.Q20.92 \[0.73 - 1.16\]0.4720.94 \[0.66 - 1.33\]0.7330.62 \[0.48 - 0.79\]0.0000.71 \[0.40 - 1.25\]0.2320.96 \[0.66 - 1.39\]0.8180.84 \[0.50 - 1.41\]0.502Q30.96 \[0.77 - 1.20\]0.7321.05 \[0.74 - 1.48\]0.7980.77 \[0.60 - 0.98\]0.0340.76 \[0.41 - 1.39\]0.3720.90 \[0.62 - 1.29\]0.5611.32 \[0.82 - 2.14\]0.255Q40.66 \[0.51 - 0.84\]0.0010.92 \[0.64 - 1.35\]0.6830.77 \[0.60 - 0.98\]0.0320.77 \[0.43 - 1.38\]0.3780.69 \[0.47 - 0.99\]0.0471.75 \[1.07 - 2.87\]0.026Q5 (Highest)0.49 \[0.38 - 0.64\]0.0000.0000.83 \[0.54 - 1.28\]0.4020.4370.60 \[0.46 - 0.79\]0.0000.0100.67 \[0.35 - 1.29\]0.2280.3390.59 \[0.40 - 0.87\]0.0070.0021.77 \[1.02 - 3.06\]0.0420.003Tobacco useNever smokerref.ref.ref.ref.ref.ref.Not current smoker1.29 \[0.90 - 1.84\]0.1730.39 \[0.21 - 0.70\]0.0021.31 \[0.91 - 1.87\]0.1411.40 \[0.77 - 2.55\]0.2731.39 \[0.93 - 2.08\]0.1082.11 \[1.23 - 3.61\]0.007Current smoker, not daily0.82 \[0.44 - 1.52\]0.5240.78 \[0.35 - 1.76\]0.5581.56 \[1.02 - 2.36\]0.0392.03 \[0.95 - 4.32\]0.0680.76 \[0.27 - 2.15\]0.6101.36 \[0.64 - 2.87\]0.418Current smoker, daily0.81 \[0.63 - 1.05\]0.1070.0921.06 \[0.70 - 1.59\]0.7870.7570.94 \[0.79 - 1.11\]0.4630.5301.59 \[0.82 - 3.09\]0.1730.0690.98 \[0.67 - 1.43\]0.9140.5551.22 \[0.81 - 1.85\]0.3410.422AlcoholLife time abstainerref.ref.ref.ref.ref.ref.Non-heavy drinkers0.67 \[0.51 - 0.87\]0.0030.77 \[0.59 - 1.01\]0.0610.90 \[0.65 - 1.24\]0.5080.93 \[0.50 - 1.70\]0.8031.22 \[0.92 - 1.61\]0.1701.37 \[0.84 - 2.21\]0.206Infrequent heavy drinkers1.00 \[0.45 - 2.25\]0.9921.26 \[0.41 - 3.83\]0.6842.22 \[0.82 - 6.02\]0.1180.36 \[0.08 - 1.62\]0.1841.18 \[0.72 - 1.93\]0.5111.60 \[0.75 - 3.42\]0.221Frequent heavy drinkers0.84 \[0.53 - 1.34\]0.4730.9020.25 \[0.03 - 1.87\]0.1760.2401.09 \[0.24 - 5.02\]0.9150.6311.43 \[0.55 - 3.76\]0.4630.4830.61 \[0.08 - 4.69\]0.6320.672Fruit and Vegetable intakeSufficientInsufficient1.10 \[0.89 - 1.34\]0.3791.56 \[1.19 - 2.05\]0.0020.87 \[0.68 - 1.11\]0.2670.95 \[0.58 - 1.56\]0.8401.28 \[0.96 - 1.71\]0.0970.79 \[0.56 - 1.11\]0.179Physical activity levelHighref.ref.ref.ref.ref.ref.Moderate1.46 \[1.22 - 1.76\]0.0001.42 \[1.02 - 1.98\]0.0391.20 \[0.99 - 1.44\]0.0600.57 \[0.33 - 1.01\]0.0551.08 \[0.80 - 1.46\]0.6281.07 \[0.64 - 1.78\]0.808Low1.66 \[1.39 - 1.99\]0.0000.0000.89 \[0.66 - 1.21\]0.4600.4601.14 \[0.94 - 1.38\]0.1820.1820.79 \[0.51 - 1.22\]0.2850.2851.20 \[0.89 - 1.60\]0.2280.2280.97 \[0.68 - 1.40\]0.8890.889HypertensionNoYes1.79 \[1.52 - 2.11\]0.0001.14 \[0.90 - 1.45\]0.2811.32 \[1.13 - 1.55\]0.0001.01 \[0.65 - 1.55\]0.9723.80 \[2.91 - 4.96\]0.0001.09 \[0.75 - 1.60\]0.651BMINormalref.ref.ref.ref.ref.ref.Underweight0.78 \[0.53 - 1.16\]0.2160.77 \[0.54 - 1.08\]0.1261.14 \[0.95 - 1.36\]0.1511.00 \[0.31 - 3.27\]0.9980.89 \[0.38 - 2.07\]0.789Overweight0.94 \[0.79 - 1.10\]0.4391.05 \[0.77 - 1.43\]0.7701.16 \[0.93 - 1.44\]0.1930.83 \[0.50 - 1.39\]0.4821.04 \[0.78 - 1.39\]0.8030.72 \[0.47 - 1.11\]0.138Obesity1.24 \[1.01 - 1.53\]0.0430.041.05 \[0.68 - 1.63\]0.8100.2261.28 \[0.94 - 1.73\]0.1180.3321.39 \[0.84 - 2.29\]0.1971.48 \[1.08 - 2.02\]0.0150.5071.23 \[0.83 - 1.82\]0.2940.626\*Adjusted for age, sex, urban/rural setting, education and marital status

In all six LIMCs except Mexico, hypertension was associated with stroke (OR ranging from 1.98\[1.04-3.80\] in Ghana to 3.16\[1.72-5.83\] in Russian Federation). Low, moderate physical activity were also strongly associated with stroke in four LMICs apart from Ghana and India. In China, Obesity increased the risk of stroke (OR was 1.66\[1.20-2.28\]). Smoking was also a risk factor of stroke in South Africa. We observed a stronger association between frequent heavy drinking and stroke in India (OR 6.64\[1.39 -- 31.82\]). Insufficient fruit and vegetable intake and household income were not significantly associated with stroke in any of the countries (see Table [5](#Tab5){ref-type="table"}).Table 5Odds ratios\* for likelihood of stroke by risk factors in six LMICs, SAGE Wave 1ChinaGhanaIndiaMexicoRussian FederationSouth AfricaOR(95%CI)*p* value*p* value for trendOR(95%CI)*p* value*p* value for trendOR(95%CI)*p* value*p* value for trendOR(95%CI)*p* value*p* value for trendOR(95%CI)*p* valuep value for trendOR(95%CI)*p* value*p* value for trendHousehold wealth quintileQ1 (Lowest)ref.ref.ref.ref.ref.ref.Q21.19 \[0.82 - 1.73\]0.3521.29 \[0.47 - 3.57\]0.6222.04 \[0.96 - 4.32\]0.0631.66 \[0.59 - 4.65\]0.3380.77 \[0.39 - 1.52\]0.4500.44 \[0.20 - 0.98\]0.045Q31.05 \[0.71 - 1.54\]0.8161.48 \[0.55 - 4.01\]0.4361.92 \[0.90 - 4.11\]0.0932.39 \[0.86 - 6.62\]0.0941.44 \[0.77 - 2.67\]0.2520.61 \[0.30 - 1.26\]0.181Q41.25 \[0.86 - 1.83\]0.2391.16 \[0.40 - 3.41\]0.7861.47 \[0.67 - 3.21\]0.3351.87 \[0.65 - 5.40\]0.2470.83 \[0.41 - 1.68\]0.6020.57 \[0.26 - 1.23\]0.151Q5 (Highest)0.99 \[0.66 - 1.48\]0.9530.9581.96 \[0.69 - 5.59\]0.2100.3172.01 \[0.93 - 4.38\]0.0780.2251.95 \[0.63 - 6.04\]0.2460.2480.80 \[0.38 - 1.66\]0.5480.6590.52 \[0.23 - 1.21\]0.1290.301Tobacco useNever smokerref.ref.ref.ref.ref.ref.Not current smoker1.32 \[0.81 - 2.13\]0.2640.76 \[0.30 - 1.92\]0.5571.45 \[0.68 - 3.09\]0.3330.64 \[0.25 - 1.63\]0.3481.55 \[0.75 - 3.19\]0.2361.47 \[0.55 - 3.93\]0.446Current smoker, not daily0.67 \[0.24 - 1.86\]0.4440.54 \[0.13 - 2.27\]0.4011.24 \[0.40 - 3.86\]0.7040.96 \[0.22 - 4.16\]0.956Current smoker, daily1.06 \[0.75 - 1.51\]0.7350.6151.37 \[0.52 - 3.61\]0.5301.07 \[0.69 - 1.64\]0.770.5260.61 \[0.20 - 1.85\]0.3840.6011.12 \[0.53 - 2.37\]0.7691.88 \[1.02 - 3.48\]0.0440.237AlcoholLife time abstainerref.ref.ref.ref.ref.ref.Non-heavy drinkers0.44 \[0.29 - 0.68\]0.0001.30 \[0.70 - 2.41\]0.4150.41 \[0.15 - 1.15\]0.0911.00 \[0.41 - 2.48\]0.9920.88 \[0.51 - 1.51\]0.6390.76 \[0.33 - 1.77\]0.527Infrequent heavy drinkers0.94 \[0.33 - 2.65\]0.9032.46 \[0.31 - 19.28\]0.3932.67 \[0.76 - 9.45\]0.1271.12 \[0.46 - 2.74\]0.8030.96 \[0.27 - 3.35\]0.944Frequent heavy drinkers0.47 \[0.21 - 1.03\]0.0590.2516.64 \[1.39 - 31.82\]0.0180.005Fruit and Vegetable intakeSufficientref.ref.ref.ref.ref.ref.Insufficient1.02 \[0.75 - 1.40\]0.8821.50 \[0.77 - 2.92\]0.2360.84 \[0.48 - 1.49\]0.5570.87 \[0.43 - 1.77\]0.7110.62 \[0.38 - 1.01\]0.0540.74 \[0.44 - 1.24\]0.246hysical activity levelHighref.ref.ref.ref.ref.ref.Moderate1.46 \[1.05 - 2.01\]0.0231.11 \[0.46 - 2.67\]0.8160.58 \[0.33 - 1.00\]0.0511.52 \[0.60 - 3.88\]0.3811.78 \[1.02 - 3.11\]0.0420.99 \[0.24 - 4.04\]0.989Low2.33 \[1.73 - 3.14\]0.0000.0001.90 \[0.99 - 3.65\]0.0540.0541.34 \[0.87 - 2.07\]0.1910.1912.33 \[1.05 - 5.20\]0.0390.0392.20 \[1.33 - 3.64\]0.0020.0024.79 \[2.02 - 11.36\]0.0000.000HypertensionNoref.ref.ref.ref.ref.ref.Yes2.08 \[1.57 - 2.76\]0.0001.98 \[1.04 - 3.80\]0.0392.18 \[1.49 - 3.19\]0.0002.07 \[0.96 - 4.45\]0.0633.16 \[1.72 - 5.83\]0.0002.66 \[1.20 - 5.93\]0.016BMINormalref.ref.ref.ref.ref.ref.Underweight0.67 \[0.33 - 1.34\]0.2520.48 \[0.16 - 1.41\]0.1800.98 \[0.63 - 1.52\]0.9392.77 \[0.57 - 13.43\]0.2070.85 \[0.24 - 3.06\]0.803Overweight1.07 \[0.82 - 1.40\]0.6161.36 \[0.69 - 2.71\]0.3730.83 \[0.49 - 1.41\]0.4831.39 \[0.63 - 3.04\]0.4120.92 \[0.52 - 1.62\]0.7700.72 \[0.35 - 1.48\]0.375Obesity1.66 \[1.20 - 2.28\]0.0020.0121.19 \[0.48 - 2.98\]0.7090.1480.45 \[0.17 - 1.16\]0.0980.1000.99 \[0.42 - 2.34\]0.9781.49 \[0.84 - 2.63\]0.1750.4181.20 \[0.63 - 2.28\]0.5770.722\*Adjusted for age, sex, urban/rural setting, education and marital status

Discussion {#Sec10}
==========

This study reports the prevalence of two common cardiovascular diseases, angina and stroke, and the relevant risk factors among older adults in six LIMCs. Globally, the age-adjusted CVDs mortality continues to be unevenly distributed: where it has decreased in high income countries(HICs) by 43% in recent decades \[[@CR19]\], while LIMCs are drowning in a rising tide of CVD. Although age-standardized rates of death attributable to CVD declined 13% in LMICs from 381 per 100000 in 1990 to 332 per 100000 in 2013, the number of deaths increased 66% from 7.21 million to 12 million in 2013 with ageing and population growth ascribed as the main drivers \[[@CR19]\]. Ischaemic heart disease and cerebrovascular disease (stroke) combined accounted for more than 85.1% of all cardiovascular disease deaths in 2016\[[@CR20]\]. Our study indicated that CVDs(angina, stroke) were prevalent and variable among older adults in six countries. Angina and stroke were both highest in Russian Federation(47.5%, 6.1% respectively). Women were more likely to have angina than men in all six countries. Stroke was more prevalent in urban than in rural. Angina and stroke both tended to increase with age in China.

Prevalence of CVDs generally appeared to be most closely linked to a country's stage of epidemiological transition \[[@CR21]\], especially when high disease rates in middle age carry through into older ages. Underlying social, environmental, and economic shifts in many countries have led to increasing levels of predominant causes such as tobacco and alcohol use, sedentary lifestyle, unhealthy diets, and suboptimum levels of weight, blood pressure, cholesterol, and plasma glucose. The high and growing prevalence of CVD in LIMCs largely reflects the burden of these key risk factors. Our study revealed that hypertension, high BMI, decreased physical activity, frequent heavy drinking and lower household health were key risk factors of angina and stroke. However, the distribution of risk factors in six counties was unequal, for example, the factor with highest OR of angina in China and Russian Federation was hypertension, whereas it was smoking in India and South Africa.

Hypertension has been shown to be an independent risk factor for acute myocardial infarction and stroke in older people \[[@CR22], [@CR23]\]. We found that hypertension was associated with angina in China, India and Russian Federation, in addition it was a risk factor of stroke in five of the six countries in this study (not Mexico). Between 1980 and 2008, blood pressure decreased by 2.0mmHg or more (for men) and 3.5 mmHg or more (for women) per decade in western Europe and Australia but increased by up to 2.7 mmHg over this same period in Oceania, East and West Africa and South and Southeast Asia \[[@CR24]\]. Systematic review revealed that blood pressure lowering greatly reduced the major cardiovascular disease events and all-cause mortality, irrespective of starting blood pressure \[[@CR25]\].However among these six LIMCs 66% hypertensives were undiagnosed before the survey, 73% untreated and 90% uncontrolled. Although the proportions of undiagnosed and untreated were lowest in Russia (30% and 35%), the uncontrolled rate was higher (83%) \[[@CR26]\], low level of health care (primary and secondary prevention) and irregular treatment continued to be a major problem \[[@CR27]\]. Hence, further research on early screening strategies, available health care and effective treatment of hypertension may be critical for improving outcomes.

Our study also showed that low physical activity and obesity besides hypertension were both associated with angina and stroke in China, and insufficient fruit and vegetable intake was risk factor of angina in Ghana. Compared with data from 1997, total physical activity in 2009 has decreased by 29% in males and by 38% in females in China \[[@CR28]\], and physical inactivity was estimated the third leading risk factor for coronary heart disease \[[@CR29]\]. As the relation between physical and obesity well recognized, obesity was an important risk factor of CVD. People are becoming more and more obese. Global age-standardised mean BMI increased from 21.7 kg/m^2^ in 1975 to 24.2 kg/m^2^ in 2014 in men, and from 22.1 kg/m^2^ in 1975 to 24.4 kg/m^2^ in 2014 in women. Over this period, age-standardised prevalence of obesity increased from 3.2% in 1975 to 10.8% in 2014 in men, and from 6·4 to 14.9% in women \[[@CR30]\]. More than 50% of the obese individuals in the world lived in just 10 countries (listed in order of number of obese individuals): USA, China, India, Russia, Brazil, Mexico, Egypt, Pakistan, Indonesia, and Germany, and China and India jointly accounting for 15% in 2013\[[@CR31]\]. China has moved from 60th place for men and 41st place for women in 1975 to second for both men and women in 2014 in the worldwide ranking of the number of severely obese individuals \[[@CR30]\]. Unfortunately, the prevalence of obesity among children and adolescents are both on the rise. In comparison with obesity rate in 1985, it increased by 8.7 times for children and 38.1 times for adolescents \[[@CR32]\]. In the World Health Survey 2002-2003, prevalence of low fruits and vegetable consumption among individuals aged 18-99 years in Ghana was the lowest among 52 countries \[[@CR33]\]. However, the prevalence was higher (68.9%) among persons aged 50 years and older \[[@CR34]\]. We also found that insufficient fruits and vegetables intake was associated with angina in Ghana. All of these contribute to the increasing burden of CVD.

We observed a relationship between smoking and angina, frequent heavy drinking and stroke in India. The prevalence of angina was 19.6% (95%CI:16.5-23.0) in India, the second highest for these six countries. CVD-related conditions contributed nearly two-thirds of the burden of NCD mortality in India \[[@CR35]\], with ischemic heart disease(IHD) and stroke contributing substantially to CVD mortality in India (83%) \[[@CR36]\].Up to 35% of adults in India consume tobacco \[[@CR37]\], with the rate of daily tobacco use was highest(46.9%) among the six LIMCs in this study, highest in younger individuals (20--35 years) \[[@CR38]\].The relation between alcohol consumption and CVD has been widely studied. Several analyses showed that low-moderate levels of alcohol consumption had cardio protective effects, while heavy drinking is harmful, usually described as "U-shaped" or "J-shaped" relationship \[[@CR39], [@CR40]\]. Aside from alcohol consumption, drinking pattern (binge-pattern drinking) played an important role in elevating the risk of CVD \[[@CR41], [@CR42]\]. Another cohort study showed that heterogeneous associations exist between level of alcohol consumption and CVD: compared with moderate drinking, heavy drinking raised risk of coronary death, heart failure, cardiac arrest, ischaemic stroke but a lower risk of myocardial infarction or stable angina \[[@CR43]\]. We found that in China non-heavy drinking was a protective factor for angina and stroke, and frequent heavy drinking showed a dangerous effect for stroke in India.

There were a few limitations in our study. Firstly, although SAGE assembled nationally representative cohorts from six countries, the response rates were different across the countries, ranging from 51% in Mexico to 93% in China. The low response rate in Mexico was for specific reasons related to timing of the survey and inability to engage in repeat visits to households to maintain the sample and we note this introduces the potential for selection bias into the results for Mexico. Secondly, the data for stroke and some risk factors were based on self-reports, which may lead to recall bias. However, validated symptom-reporting methods were also used in these analyses to estimate and compare prevalence rates for angina to improve prevalence estimates. Thirdly, the question on stroke in SAGE did not distinguish between ischemic stroke and hemorrhagic stroke. Last, these results are based on cross-sectional data and as such, cannot be sure of the direction of the associations we identified.

Conclusions {#Sec11}
===========

In conclusion, our study provided representative prevalence of angina and stroke and relevant risk factors in elders in six LIMCs. Due to the variation pattern of prevalence and risk factors distribution, policies and health interventions will need to be targeted and tailored for a broad range of local conditions to achieve the health goals set by the United Nations for 2025.
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